The tissue concentration of L-thyroxine (T4) was measured by radioimmunoassay for whole bodies of laboratory-reared black sea bream larvae from 12 to 38 days after hatching. T4 level was less than 2ng/g body wet weight in early postlarvae.
Teleost larvae hatched from small pelagic eggs generally possess a number of peculiar morphological features for adapting to planktonic life, these being extensively different from those of adults. The larval diagnostic characteristics either disappear gradually or abruptly with the appearance of adult-like features at metamorphosis.1) During metamorphosis, marked ecological changes, synchornized with morphological events, are also likely to occur.
An appreciable number of coastal marine fishes have been reported to aggregate in nearshore shallow areas during metamorphosis, after several weeks of planktonic life in coastal waters.2-4) This type of movement, occurring in early ontogeny, has been called inshore migration,2) but the migratory mechanism remains unknown. If the migration is to occur inevitably (i.e. not accidentally), structural and functional changes in the larvae should precede and/ or synchronize with migration.
Many endogenous and exogenous factors would affect the migration,2-5) among which the locomotor, osmoregulatory and endocrine systems are suggested to be of major importance in regulating the event. Growth (length) Increase in standard length (SL, notochord length for early larvae) after hatching, measured in formalin-preserved specimens, is shown in Fig. 1 . Starting from 4.1mm SL on day 12, larvae grew at an average daily rate of 0.14mm until day 36. At the termination of the experiment, 38 days after hatching, juveniles measured 9.9mm SL. Progress in Developmental Stage Fig. 3 . shows changes in the developmental stage composition. Twelve-and 15-day larvae were composed mainly of E stage, at which the notochord has not yet begun to flex (Fig. 4A) . The main developmental stage shifted from G to I between day 19 and day 24, by which time the notochord has completely flexed (Fig. 4C) . Thereafter, developmental change proceeded slowly until a rapid transfer from the J stage (transformation phase) to the L stage (earliest phase of juvenile period: Fig. 4E ) during day 36 through day 38. Vertebral Ossification In the early postlarvae (age 12-19 days, stage E-G), no sign of vertebral ossification was found (Fig. 4B) . The second and/or third vertebrae were first ossified at stage I at approximately 6.1mm SL (Fig. 4D) , together with the first appearance of dorsal and anal fin bases. The ossification gradually extended posteriorly with larval growth, terminating in the last vertebra at stage L at approximately 9.9mm SL (Fig. 4F) , when the dosal, anal, caudal and ventral fins have been established (Fig. 4E) . Completion of the vertebral column was immediately followed by ossification of the hypural bones. Each point corresponds to the mean length and age shown in Fig. 1 . The relationship was expressed in two equations as logW=0.342L-2.669 (4.1-7.9 mm, age 12-33) and logW=0.219L-1.709 (7.9-9.9mm, age 33-38). Thyroid Development The thyroid gland was first observed histologically in 3 day-old prelarvae, just before the onset of feeding, with the yolk largely exhausted. It consisted of a single small follicle with well eosin-stained colloidal material. Three follicles were observed in 6 day-old larvae which had already commenced active feeding. The number of follicles increased with larval growth (Fig. 5A) and to 8 or 9 in 24 day-old larvae, accompanied by an appreciable increase in epithelial thickness and clearly visible nuclei (Fig. 5B) . It reduced to 6 or 7 in 30 day-old larvae and the colloidal materials exhibited less stainability and an appreciably loose appearance.
Thyroxine Concentration
Changes in thyroxine concentration (ng/g wet body weight) during the postlarval period is shown in Fig. 6 with length increase and developmental stage composition.
A marked increase from 1.7 to 7.0ng/g was observed between day 19 and day 24, and then a rapid decrease to 2.4ng/g by day 33, followed by a second increase to 5.0ng/g by day 38. The thyroxine peak corresponded well with the period when the larvae experienced a rapid shift in developmental stages.
Discussion
Relatively little information is available on the ontogenetic development of the thyroid gland in marine fishes compared with that of freshwater species. [18] [19] [20] [21] [22] Recent studies on the Japanese flounder larvae and juveniles revealed that the thyroid gland differentiates just before yolk absorption,10) and tissue thyroxin increases markedly during metamorphosis.11-13) The black sea bream, which does not exhibit such a dramatic metamorphic process as the flounder, also showed marked changes in T4 concentrations during early ontogeny.
As summarized in Fig.  6 , combined T4 concentrations, growth and developmental stages demonstrate that the first thyroxine peak occurs at postflexion I stage with 6.1mm SL and the second increase at the early phase of the juvenile period with 9.9mm SL. Morphological and histological observations have shown that in black sea bream larvae, fin formation coupled with fin-fold disappearance ,17) development of a functional stomach,23) and initiation of vertebral ossification occur during stage I. The second increase in tissue thyroxine concentration corresponded to the final postlarval phase and/or the earliest juvenile phase, when fin and major skeletal ossification have been completed. These changes suggest that, as in the flounder , this thyroid hormone is also involved in metamorphosis in the sea bream larvae . Field observations of the early life stages of black sea bream in Shijiki Bay indicated marked size differences in larvae between offshore waters and near-shore shallow areas .24) In offshore waters, few larvae larger than 6mm SL were collected, while larvae smaller than 6mm SL were rarely collected in near-shore areas, such as the surf zone, with a dominant size class of 8-10mm SL. Such marked size separation suggests that the black sea bream possibly migrates from offshore to inshore shallow areas near the shoreline during the period of the 6 to 7mm size-class.
This size-class nearly corresponds to size at the first thyroxine surge. The apparent synchronization between inshore migration in nature and the thyroxine surge observed in the laboratory suggests that thyroxine is also involved in the inshore migration. Thyroid activation has been shown in some species which exhibit drastic habitat changes during early ontogeny. Specker25) reviewed a possible function of thyroid hormones in preadaptation to a new habitat and/or nutritional source. Boehlert26) demonstrated that pelagic juveniles of a redfish exhibit activated thyroids immediately before downward midration from the near-surface to about 200 or 300m deep. Similar histological evidence has been provided for the anadromous ayu27,28) just before river entry. Recently, Tsukamoto et al.29) indicated that plasma thyroxine levels rose markedly in juvenile ayu entering a river. These findings also support the possible involvement of thyroid hormone in habitat change during the early ontogeny of fishes.
